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(54) [Title of the Invention] Carbon Material for Electric Double-Layer Capacitor, 



Method for Producing Carbon Material for Electric Double-Layer Capacitor, Electric 
Double-Layer Capacitor, and Method for Producing Electric Double-Layer Capacitor 

(57) [Summary] 

[Object) To provide a carbon material for an electric double-layer capacitor with which high 
electrostatic capacitance is obtained. 

[Means of Achievement] An electric double-layer capacitor having high electrostatic 
capacitance is obtained by forming polarizing electrodes using a carbon material for an electric 
double-layer capacitor comprising graphite-like microcrystalline carbon produced by activation 
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of a carbon material wherein the interlayer distance of the microcrystalline carbon is 0.365 nm to 
0.385 nm. 

2<J 




[Claims] 

[Claim 1] A carbon material for an electric double-layer capacitor comprising graphite-like 
microcrystalline carbon produced by activating a carbon material, said carbon material for an 
electric double-layer capacitor characterized in that the interlayer distance of the microcrystalline 
carbon is 0.365 nm to 0.385 nm. 

[Claim 2] A method for producing a carbon material for an electric double-layer capacitor, 
characterized in that a starting material is carbonized, a heat treatment step for promoting the 
growth of graphite-like microcrystalline carbon [is performed], the carbonaceous material 
obtained in the heat treatment step is subjected to an alkali activation treatment, and a carbon 
material wherein the interlayer distance of the microcrystalline carbon is 0.365 to 0.385 nm 
is obtained. 

[Claim 3] A method for producing a carbon material for an electric double-layer capacitor, 
characterized in that a carbon material having graphite-like microcrystalline carbon and an 
interlayer distance of 0.365 nm to 0.385 nm is obtained by subjecting a carbon material to 
steam activation. 

[Claim 4] An electric double-layer capacitor wherein polarizing electrodes are immersed in an 
organic electrolyte, said electric double-layer capacitor characterized in that the polarizing 
electrodes are formed from a carbon material comprising graphite-like microcrystalline carbon 
produced by activation of a carbon material wherein the interlayer distance of the 
microcrystalline carbon is 0.365 nm to 0.385 nm. 
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[Claim 5] An electric double-layer capacitor, characterized in that the solute of the organic 
electrolyte in the electric double-layer capacitor according to claim 4 is a tetrafluoroborate. 
[Claim 6] The electric double-layer capacitor according to claim 4, characterized in that the 
solute of the organic electrolyte solution is tetraethylammonium tetrafluoroborate. 
[Claim 7] A method for producing an electric double-layer capacitor wherein polarizing 
electrodes are immersed in an organic solvent, said method for manufacturing an electric double- 
layer capacitor characterized in that [the polarizing electrodes are formed from] a carbon 
material comprising graphite-like macrocrystalline carbon produced by activation of a carbon 
material, wherein the interlayer distance of the microcrystalline carbon is 0.365 to 0.385 nm, and 
electrostatic capacitance is realized by initially applying a voltage equal to or greater than a rated 
voltage between the polarizing electrodes once the electric double-layer capacitor has 
been assembled. 

[Claim 8] An electric double-layer capacitor, characterized in that said capacitor has polarizing 
electrodes comprising a carbonaceous material that expands when a voltage is applied, and is 
supported in a dimension-limiting structure for limiting expansion of the polarizing electrodes 
when voltage is applied. 

[Claim 9] The electric double-layer capacitor of Claim 8, characterized in that the dimension- 
limiting structure limits expansion of the electrodes in a direction of voltage application when the 
voltage is applied. 

[Claim 10] The electric double-layer capacitor according to claim 8, characterized in that an 
expansion pressure of 2 kg/cm 2 or greater is generated at the electrodes with dimensions being 
limited in resistance to expansion of the polarizing electrodes when voltage is applied. 
[Claim 11] An electric double-layer capacitor, characterized in that a nonaqueous solvent 
electrolyte is used as an electrolyte, the interlayer distance doo2 of the carbon material that forms 
the polarizing electrodes is 0.365 nm to 0.385 nm, and the electric double-layer capacitor is 
supported in a dimension-limiting structure for limiting expansion when voltage is applied. 
[Claim 121 The electric double-layer capacitor according to any of claims 8 through 11, 
characterized in that the carbonaceous material is obtained by preheating petroleum coke, mixing 
the heated article with potassium hydroxide, and performing a heat treatment in an 
inert atmosphere. 
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[Claim 13] The electric double-layer capacitor according to any of claims 8 through 11, 
characterized in that the carbonaceous material is obtained by a heat treatment of Yashigara 
carbon in an inert atmosphere or a steam-containing atmosphere. 
[Claim 14] The electric double-layer capacitor according to any of claims 8 through 11, 
characterized in that initial charging is performed at a voltage that is higher than a rated voltage. 

[Detailed Description of the Invention] 
[0001] 

[Technological Field of the Invention] The present invention relates to an electric double-layer 
capacitor, and in particular, to a carbon material for an electric double-layer capacitor, a method 
for producing a carbon material for an electric double-layer capacitor, an electric double-layer 
capacitor, and a method for producing an electric double-layer capacitor. 

[0002] 

[Prior Art] Electric double-layer capacitors have a structure wherein a pair of polarizing 
electrodes formed from activated carbon face one another with a separator in between to serve as 
a positive electrode and a negative electrode. Each polarizing electrode is impregnated by a 
water-soluble electrolyte solution or a non-aqueous electrolyte solution, and each polarizing 
electrode comes into contact with a collector. Polarizing electrodes are produced by methods 
such as (1) adding a small amount of a conductor and binder to activated carbon and kneading 
and pressing the mixture, (2) adding a small amount of a conductor and binder to activated 
carbon, dissolving the mixture to slurry form, and then applying the product to a collector, and 
(3) adding a small amount of uncarbonized resin to the activated carbon and drying. 
[0003] The electrostatic capacitance of a conventional electric double-layer capacitor is 
considered to be virtually proportional to the surface area of the polarizing electrodes and 
activated carbon with a large relative surface area is therefore used as the carbon material for 
electric double-layered capacitors. 

[0004] Activated carbon is produced by activation after carbonization of a carbonaceous material 
under a temperature of 800°C or lower. Activation is accomplished by, for instance, heating to 
600 to 1000°C in an ambient atmosphere of steam, carbon dioxide, and the like, or mixing with 
zinc chloride, potassium hydroxide, and the like and heating under an inert ambient atmosphere. 
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This activation forms multiple pores suitable for adsorption on the surface of the carbon material 
produced by carbonization. 

[0005] The surface area of activated carbon was increased in an attempt to increase electrostatic 
capacitance of an electric double-layer capacitor as much as possible. For instance, JP 
(Kokai) 63-78513 proposes obtaining activated carbon by calcining a mixture of potassium 
hydroxide with petroleum coke. It cites that the relative surface area, which was a maximum of 
1500 m 2 /g, is increased to between 2000 and 3500 m 2 /g. 

[0006] However, the inventors discovered that when activated carbon whose surface area has 
been increased by strong activation is used as a polarizing electrode material, there is conversely 
a reduction in the surface area per unit volume as a result of this strong activation and there are 
therefore limits to the resulting electrostatic capacitance. 



[0007] 

[Problems to Be Solved by the Invention] An object of the present invention is to obtain an 
electric double-layer capacitor with high electrostatic capacitance. In further detail, an object of 
the present invention is to provide a carbon material for an electric double-layer capacitor, a 
method for producing a carbon material for an electric double-layer capacitor, an electric double- 
layer capacitor, and a method for producing an electric double-layer capacitor with which it is 
possible to obtain higher electrostatic capacitance than in the past. 



[0008] 

[Means Used to Solve the Above-Mentioned Problems] The carbon material for an electric 
double-layer capacitor of the present invention is characterized in being a carbon material for an 
electric double-layer capacitor comprising graphite-like microcrystalline carbon produced by 
activating a carbon material, and in that the interlayer distance of the microcrystalline carbon is 
0.365 nm to 0.385 nm. 

[0009] The method for producing a carbon material for an electric double-layer capacitor of the 
present invention is characterized in that a starting material is carbonized, a heat treatment step 
for promoting the growth of graphite-like microcrystalline carbon [is performed], the 
carbonaceous material obtained in the heat treatment step is subjected to an alkali activation 
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treatment, and a carbon material wherein the interlayer distance of the microcrystalline carbon is 
0.365 to 0.385 nm is obtained. 

[0010] The method for producing a carbon material for an electric double-layer capacitor of the 
present invention is characterized in that a carbon material comprising graphite-like 
microcrystalline carbon having an interlayer distance of 0.365 nm to 0.385 nm is obtained by 
subjecting a carbon material to steam activation. 

[0011] The electric double-layer capacitor of the present invention wherein polarizing electrodes 
are immersed in an organic electrolyte is characterized in that the polarizing electrodes are 
formed from a carbon material comprising graphite-like microcrystalline carbon produced by 
activation of a carbon material wherein the interlayer distance of the microcrystalline carbon is 
0.365 nm to 0.385 nm. 

[0012] The method for producing an electric double-layer capacitor of the present invention 
wherein polarizing electrodes are immersed in an organic solvent is characterized in that [the 
polarizing electrodes are formed from] a carbon material comprising graphite-like 
microcrystalline carbon produced by activation of a carbon material wherein the interlayer 
distance of the microcrystalline carbon is 0.365 to 0.385 nm, and electrostatic capacitance is 
realized by initially applying a voltage equal to or greater than a rated voltage between the 
polarizing electrodes once the electric double layer capacitor has been assembled. 
[0013] The electric double-layer capacitor of the present invention is characterized in that the 
capacitor has polarizing electrodes formed from a carbon material that expands when voltage is 
applied, and is supported in a dimension-limiting structure for limiting expansion of the 
polarizing electrodes when voltage is applied. 

[0014] 

[Embodiments of the Invention] The present invention provides a carbon material for an 
electric double-layer capacitor having high electrostatic capacitance when used as the polarizing 
electrodes that form the electric double-layer capacitor. 

[0015] The carbon material for an electric double-layer capacitor of the present invention is 
based on the discovery that when a carbon material that has been weakly activated is used as the 
polarizing electrodes, the capacitor will have high electrostatic capacitance. This carbon material 
comprises graphite-like microcrystalline carbon. This carbon material has a small relative surface 
area and is therefore inappropriate as an electrode for electric double-layer capacitors by 
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conventional standards. Nevertheless, when the interlayer distance of the microcrystalline carbon 
is within a specific range, that is, between 0.365 nm and 0.385 nm, this carbon material shows a 
high electrostatic capacity when used as a polarizing electrode, even though relative surface area 
is small. 

[0016] The carbon material of the present invention obtained to date shows high electrostatic 
capacitance when used as a polarizing electrode of an electric double-layer capacitor, and 
expands when voltage is applied. 

[0017] That is, when the carbon material of the present invention hitherto obtained is molded 
into sheet form and an electric double layer capacitor is assembled by layering collectors on both 
surfaces of the sheet, the carbon material has the property of expanding in the direction in which 
voltage is applied when voltage is applied between the collector electrodes. 
[0018] When the carbon material used as the electrodes expands, the volume of the electric 
double-layer capacitor increases. Even though electrostatic capacity does increase, the 
corresponding increase in electrostatic capacitance per unit volume will be diminished in an 
electrostatic double-layer capacitor whose volume has increased. Minimizing an increase in 
volume of an electric double-layer capacitor due to expansion of the carbon materials is an 
effective means for providing an increase in electrostatic capacitance. 
[0019] According to studies performed by the inventors, when an increase in volume of the 
carbon material of the present invention was completely inhibited, that is, when an increase in 
the distance between the collectors contacting the carbon materials was prevented in order to 
prevent an increase in the volume of the electric double-layer capacitor, the increase in 
electrostatic capacitance was not different from when the capacitor was allowed to expand freely. 
[0020] When the distance between the collectors is fixed, pressure is applied to the collectors 
when the carbon material expands as a result of voltage application. This pressure is referred to 
as pressure of expansion in the present Specification. 

[0021] According to the studies of the inventors, the polarizing electrodes of an electric double- 
layer capacitor made of the carbon material of the present invention expand considerably when 
voltage is applied, but show a tendency toward an increase in electrostatic capacitance as an 
electric double-layer capacitor, and it is preferred that the pressure of expansion be 2 kg/cm 2 
or greater. 
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[0022] The carbon material for an electric double-layer capacitor of the present invention and 
activated carbon for a conventional electric double-layer capacitor will now be described by 
comparing the results of X-ray diffraction shown in Figure 1 . 

[0023] The microstructure of a carbon material is generally analyzed using the unmistakable 
structure of graphite as the criterion. Using X-ray diffraction of powdered zinc, the diffraction 
peak of C002 is observed as a sharp peak at an interlayer distance doo2 = 0.335 nm, and the flat 
reticulated structure of the benzene ring grows into obvious layers. 

[0024] In contrast, strongly activated carbon that is used in conventional electric double-layer 
capacitors for the purpose of a high electrostatic capacitance density generally has a small C002 
peak, but regardless of the peak size, doo2 is broad at 0.40 nm or greater and usually cannot be 
clearly distinguished. 

[0025] On the other hand, the carbon material used in the present invention has a doo2 of 
0.365 nm to 0.385 nm, which is quite broad in comparison to that of graphite, but because the 
C002 diffraction peak is obvious under high integration intensity, it is clear that it contains crystal 
seeds of graphite-like microcrystalline carbon. A in Figure 1 shows the X-ray diffraction curve 
of the material during the step of graphitization, B shows the X-ray diffraction curve of activated 
carbon used in conventional electrical double-layer capacitors that has been strongly activated to 
a relative surface area of 2,000 cm 2 , and C shows the X-ray diffraction curve of the carbon 
material of the present invention that has been weakly activated. 

[0026] The carbon material for an electric double-layer capacitor of the present invention can be 
calcined at a low temperature under which activation is not promoted, and can be produced using 
a variety of materials as the activated carbon source, including wood, fruit peel, coal, pitch, or 
petroleum coke. For instance, the carbon material can be made by heat treatment in an inert 
ambient atmosphere before activation so that activation does not proceed too far, or it can be 
produced by curtailing the activation time. Calcination under a relatively low heat treatment 
temperature of 600 to 1,000°C is preferred. 

[0027] Moreover, when the carbon material for an electric double-layer capacitor of the present 
invention has been expanded by application of voltage, the electrolyte impregnating the carbon 
has been thoroughly rinsed off by boiling with acetonitrile or another volatile solvent, the 
product is dried, and X-ray diffraction is performed, the carbon material of the present invention 
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shows a C002 diffraction peak intensity and interlayer distance d 0 02 belonging to the carbon 
material before voltage application. 

[0028] It is possible to measure the pressure of expansion of the electric double-layer capacitor 
that uses the carbon material of the present invention as a polarizing electrode by placing a 
pressure sensor such as a strain gauge on the outside of the electrode pair and pushing 
mechanically from the back to prevent an increase in thickness, that is, expansion. 
[0029] Figure 2 is a cross section describing an example of the device used to measure 
electrostatic capacity and pressure of expansion. This device 1 has a strain gauge or other 
pressure sensor 3 on a substrate 2. A bottom metal block 4 and a top metal block 7 are disposed 
on the pressure sensor 3. An electric double-layer capacitor 6 with an airtight coating of a 
synthetic resin film 5 is sandwiched in between the two blocks. This electric double-layer 
capacitor 6 has a structure wherein the aluminum collectors, carbon electrodes, and separator are 
layered in the order of collector/carbon electrode/separator/carbon electrode/collector, and is 
impregnated with electrolyte. A thrust bearing 8 rides on top of the top metal block 7, and a 
screw 9 is firmly attached to a frame 1 1 such that the tip contacts this thrust bearing 8. 
[0030] Voltage from a power source 1 1 is applied to a lead wire 10 to the collectors of the 
electric double-layer capacitor 6. The output of the pressure sensor is fed to recorder 12 
for recording. 

[0031] Figure 3 shows the charge-discharge properties and pressure of expansion as measured 
using the device in Figure 2 of the electric double-layer capacitor that uses the carbon material of 
the present invention as the polarizing electrodes. Figure 3 shows the first and second cycles of 
the initial consecutive charging and discharging under a constant current of 10 mA conducted 
after assembly of an electric double-layer capacitor having polarizing electrodes with a diameter 
of 20 mm and thickness of 0.5 mm that were formed using the carbon material of the present 
invention. The pressure of expansion rose above initial design pressure, peaked when discharge 
started, and continued to fall up to the time discharge was completed without returning to the 
initial value, 

[0032] Figure 4 shows the changes in pressure between terminals when charging and full 
discharging were conducted 1 6 consecutive times using the electric double-layer capacitor of the 
present invention. Charging voltage was a rated voltage of 2.3 V for charging-discharging 
cycles 1 through 9, a voltage exceeding the rated voltage at 4 V for charging-discharging 
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cycles 10 through 15, and 3.5 V for charging cycle 16. Figure 4 shows only the results of 
charging cycles 1, 3, 10, 12, and 16. The abscissa shows time and the ordinate shows voltage 
between terminals. Charging and discharging were conducted under a constant current, with the 
gradient of the charge-discharge curve being inversely proportional to electrostatic capacitance. 
[0033] As is clear from Figure 4, electrostatic capacitance was extremely small when charging 
was initiated and the voltage between terminals therefore suddenly increased linearly during 
discharge cycle 1 when the capacitor was initially charged after production. The rise in voltage 
between electrodes slowed at approximately 1.5 V and electrostatic capacitance 
increased thereafter. 

[0034] The electrostatic capacitance that increased during the last half of the charging period of 
this charging-discharging cycle 1 persisted after discharging. That is, the speed at which the 
voltage between terminals rose with charging during charging-discharging cycle 3 was 
approximately half that of charge-discharge cycle 1 . This indicates that the electrostatic capacity 
during charging-discharging cycle 2 is approximately twice what it was when charging was 
initiated during charging-discharging cycle 1 . 

[0035] Charging voltage rose to 4 V beginning with charging-discharging cycle 10. During 
charging-discharging cycle 10, the voltage between terminals rose to 2.6 V at the same speed as 
during charging-discharging cycle 3. However, when the voltage between terminals exceeded 
2.6 V, there was a reduction in the speed with which the voltage between terminals rose. This 
indicates that electrostatic capacitance began to increase at that point. 

[0036] The increase in electrostatic capacitance during charging-discharging cycle 10 when the 

charging voltage rose also persisted after full discharging. That is, in charging-discharging 

cycle 12, the speed with which the voltage between electrodes rose became slower than that 

during charging-discharging cycle 3 after the initial charging, indicating that the increase in 

electrostatic capacitance was greater than that during charging-discharging cycle 3. 

[0037] The electrostatic capacitance that increased in this way remained increased, even though 

charging voltage dropped to 3.5 V thereafter as in charge-discharge cycle 1 6, 

[0038] On the other hand, the expansion pressure of the electrode increased and decreased with 

the charging-discharging cycles, virtually in proportion to the increase in electrostatic 

capacitance. The amplitude of this change, that is, the difference between the maximum and 
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minimum pressure, varies with the concentration and type of carbonaceous material and 
electrolyte solution, charged state, and the like, but is 2 to 20 kg/cm 2 . 

[0039] Based on the above-mentioned, the electrical double-layer capacitor that uses the carbon 
material of the present invention can be produced by the same method as a conventional electric 
double-layer capacitor using a carbon material for a electric double-layer capacitor comprising a 
graphite-like microcry stall ine carbon wherein the interlayer distance of the microcrystalline 
carbon is 0.365 to 0.385 nm, and an electric double-layer capacitor having a high electrostatic 
capacitance can be obtained by applying during initial discharge a voltage that is higher than a 
rated voltage when used as an electric double-layer capacitor. 

[0040] In addition, the electric double-layer capacitor of the present invention preferably has a 
structure that resists the expansion pressure generated at the electrodes in order to control the 
increase in volume of the electric double-layer capacitor during charging, and is characterized in 
that having the advantage of an increased electrostatic capacity even though the increase in 
volume is limited. 

[0041] Figure 5 is a cross section that describes an example of the electric double-layer capacitor 
wherein electric double-layer capacitor units are sealed in an airtight vessel. 
[0042] A capacitor vessel 21 houses a stacked electric double-layer capacitor 22 wherein are 
stacked multiple electric double-layer capacitor units 6, which are sealed airtight with synthetic 
resin film and are designed such that the above-mentioned aluminum collectors, carbon 
electrodes and separator are impregnated with electrolyte solution and layered on the order of 
collector/carbon electrode/separator/carbon electrode/collector. A circuit is established such that 
each electrical double-layer capacitor is connected in series or in parallel. 
[0043] The electric double-layer capacitor unit is preferably a capacitor element comprising 
polarizing electrodes, collectors, and electrolyte solution sealed under reduced pressure inside a 
pouch made from at least one layer of synthetic resin film or laminated film of synthetic resin 
film and a metal film, with the pouch and the capacitor adhering closely together. 
[0044] In addition, the electric double-layer capacitor unit can have a structure wherein a 
capacitor element comprising polarizing electrodes, collectors, separator, and electrolyte solution 
are housed as described below inside a pouch comprising at least one layer of synthetic film or 
laminated film of synthetic resin film and metal film and having a trap with which capacitor 
element chamber communicates with a capacitor element chamber. 
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[0045] (1) A capacitor element is housed inside a pouch and the inside of the pouch is degassed 
under reduced pressure, the pouch is sealed, a charge is passed to the capacitor element, and 
charge-discharge is performed. (2) The trap inside the reduced-pressure chamber at a lower 
pressure than the pressure inside the trap is cooled and substances generated from the capacitor 
element are trapped in the trap. (3) The trap and the capacitor element chamber are fused 
together and sealed. (4) The trap is cut off to obtain a unit electric double-layer capacitor. 
[0046] It should be noted that in above-mentioned step (2) it is also possible to introduce a 
suction nozzle inside the trap in order to remove by suctioning the excess electrolyte and gases 
and other substances generated from the capacitor elements. 

[0047] Substances that are generated from each of the structural elements of the electric double- 
layer capacitor and have an undesirable effect on the properties of the capacitor can be trapped 
and removed by the above-mentioned treatment. As a result, it is possible to obtain an electric 
double-layer capacitor unit with excellent properties. 

[0048] A concave base plate 23 is disposed at the base of the capacitor vessel 21 such that it 
resists the pressure difference between the inside and the outside. A base push plate 24 is 
disposed on top of the concave base plate to resist the pressure of expansion and keep the 
multiple capacitors under pressure. Moreover, a top push plate 25 is disposed at the top of the 
electric double-layer capacitor. It is preferred that a rigid, large metal plate be used for the base 
and top push plates. 

[0049] Pressurization means 26 having the function of limiting an increase in the dimensions of 
the electric double-layer capacitor in resistance to the pressure of expansion is disposed on the 
top push plate 25. 

[0050] It is possible to use a variety of pressurization means 26. The pressurization means shown 
in Figure 5 can be formed from an elastic body, such as rubber with a fluid under pressure (such 
as gas) sealed inside, and pressure for limiting the dimensions of the electric double-layer 
capacitor in resistance to pressure of expansion of the electric double-layer capacitor units can be 
generated by a fluid under pressure that has been introduced from inlet 27, Moreover, by means 
of the electric double-layer capacitor of the present working example, the pressure for limiting an 
increase in dimensions of the electric double-layer capacitor in resistance to the pressure of 
expansion can be easily adjusted by adjusting the pressure of the fluid introduced to the 
pressurization means. There are no problems with the practical use of the electric double-layer 
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capacitor of the present invention even if there is no dimension-limiting structure other than in 
the direction in which voltage is applied because pressure of expansion is primarily generated in 
the direction in which voltage is applied. 

[0051] By means of the electric double-layer capacitor in Figure 5, an electric double-layer 
capacitor that is kept airtight by synthetic resin film is housed inside an airtight vessel; therefore, 
there is little possibility of the outside environment having detrimental effects on the electric 
double-layer capacitor. 

[0052] Moreover, the electric double-layer capacitor of the present invention is always under the 
pressure applied by the top and bottom push plates; therefore, it also has the advantage of 
retention of good electrical contact between the collectors and electrodes of each electric double- 
layer capacitor. 

[0053] The electric double-layer capacitor to be housed inside a capacitor vessel is preferably 
charged under a voltage that is 10 to 20% higher than a rated voltage while under pressure from 
the outside; the substances generated during initial charging of the electric double-layer capacitor 
are removed by a method whereby, for instance, the air bubbles and the like generated from the 
electric double-layer capacitor are trapped inside a reserve chamber disposed in an airtight pouch 
formed from a synthetic resin film, and then the reserve chamber is separated from the pouch; 
and the capacitor is housed inside the pouch. 

[0054] Figure 6 is an oblique view describing an example of another stacked electric double- 
layer capacitor of the present invention. The stacked electric double-layer capacitor 22 is housed 
in between the base push plate 24 and the top push plate 25 in Figure 6. A wire 29 is mounted by 
a pulley 28 stretched between the base push plate 24 and the top push plate 25. Moreover, a 
predetermined tension is applied to each wire by a tension member 30. As a result, the stacked 
electric double-layer capacitor 22 is pushed under a predetermined pressure. 
[0055] It is preferred that the base and top push plates be formed using a metal material that is 
lightweight and very rigid, such as an aluminum alloy, and that the wire be formed from 
stainless steel. 

[0056] For instance, when the surface area of the electric double-layer capacitor is 44 cm , it is 
necessary to apply a load of 88 kgf to the push plates in order to apply a pressure of 2 kg/cm 2 . It 
is possible to reduce the tension applied to the wire by increasing the number of pulleys. 
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[0057] 

[Working Examples] The present invention will now be described with working examples. 
[Working Example 1] Petroleum coke was heat treated for two hours at 750°C under an inert 
ambient atmosphere, the product was mixed with twice the amount by weight ratio of potassium 
hydroxide, heat treatment was performed at 800°C under an inert ambient atmosphere, and a 
carbonaceous material was obtained. As a result of carbonization by pre-heat treatment under an 
inert ambient atmosphere, activation did not proceed fully and the BET relative surface area of 
the resulting carbonaceous material was held to 300 m 2 /g. The product having this property 
could not be used as activated carbon with a high electrostatic capacitance density for electric 
double-layer capacitors. The results of X-ray diffraction of this carbonaceous material are shown 
by C in Figure 1 . 

[0058] The carbonaceous material obtained in this way was crushed to a particle size of 
approximately 30 urn, the particles were mixed and kneaded with 82 mg of carbonaceous 
material, 9 mg of carbon black as auxiliary conductor and 9 mg of polytetrafluoroethylene 
powder as binder, and a sheet with a thickness of 0.5 mm was formed by rolling. Multiple disc- 
shaped electrodes having a diameter of 20 mm were cut from this sheet, the discs were placed in 
a vacuum desiccator under reduced pressure of 10 Torr, and the discs were dried for four hours 
at 120°C. 

[0059] Two of these electrodes were stacked on top of one another with a glass separator in 
between, compressed to 100 \im inside a glove box kept at low humidity. They were sandwiched 
on the outermost sides by two aluminum collectors to form an electric double-layer 
capacitor component. 

[0060] The capacitor component was introduced to an aluminum airtight vessel sealed with an 
O-ring and thoroughly impregnated by an electrolyte solution of propylene carbonate in which 
one mole of tetraethyl ammonium tetraborate had been dissolved to obtain a trial electric double- 
layer capacitor. 

[0061] The resulting electric double-layer capacitor was charged and discharged for one cycle up 
to 4 V. The charging and discharging current was 5 mA. Then the capacitor was charged and 
discharged at 2.3 V and properties were measured. The device in Figure 2 was used for charging 
and discharging and measurement of properties. The measurement results are shown in Table 1 . 
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[Comparative Example 1 ] Using the same petroleum coke as in Working Example 1 but without 
performing the special heat treatment in Working Example 1, the coke was mixed with 1 .7-times 
by weight ratio the amount of potassium hydroxide, the mixture was heated for one hour at 
400°C under a nitrogen ambient atmosphere, activation was performed for two hours at 800°C, 
and a carbonaceous material (activated carbon) was obtained. The relative surface area of the 
activated carbon was 2500 m 2 /g. A material with this property is suitable for use as an activated 
carbon that provides high electrostatic capacitance density in electric double-layer capacitors. 
Using the activated carbon obtained in this way, an electric double-layer capacitor was produced 
as in Working Example 1 and the properties of the resulting electric double-layer capacitor were 
measured as in Working Example 1 . The results are shown in Table 1 . The results of X-ray 
diffraction of the activated carbon used in Comparative Example 1 are shown by B in Figure 1 . 
[Working Example 2] Yashigara coal obtained by carbonization of Yashigara was steam 
activated at 1,000°C to obtain a carbonaceous material. Activation was insufficient because little 
steam was used for activation. As a result, the properties of the material were insufficient as 
activated carbon for the electrodes of an electric double layer capacitor with a relative surface 
area of 400 m 2 /g. Using this carbonaceous material, an electric double-layer capacitor was 
produced and the properties of the resulting electric double-layer capacitor were measured as in 
Working Example 1. The results are shown in Table 1. Moreover, the results of X-ray diffraction 
of the activated carbon produced in Working Example 2 are shown by D in Figure 1 . 
[Comparative Example 2] Yashigara coal obtained by carbonization of Yashigara was steam 
activated at 1 ,000°C to obtain activated carbon with a relative surface area of approximately 
1600 m . This was sufficient for use as activated carbon that provides high electrostatic 
capacitance density in an electric double-layer capacitor. Using this activated carbon, an electric 
double-layer capacitor was produced and the properties of the resulting electric double-layer 
capacitor were measured as in Working Example 1 . The results are shown in Table 1 . Moreover, 
the results of X-ray diffraction of the activated carbon produced in Comparative Example 2 are 
shown by E in Figure 1 . 
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[Table 1] 





Electrostatic capacitance 
density (F/mL) 


Pressure of expansion 
(kg/cm*) 


Relative surface area 
(m 2 /g) 


Working Example 1 


28.5 


7.5 


300 


Comparative Example 1 


20.5 


1 .0 or less 


2500 


Working Example 2 


18.8 


3.0 


400 


Comparative Example 2 


13.4 


1 .0 or less 


1600 



According to Table 1, the electric double-layer capacitors made using the carbonaceous materials 
of the working examples are superior in that they provide electrostatic capacitance density that is 
at least 40% greater than that of the electric double-layer capacitors produced using conventional 
activated carbon. Moreover, pressure of expansion of both working examples was greater than 
that of the comparative examples. Although the relative surface area was measured before the 
electrolyte ions had reached the electrodes, high electrostatic capacitance was obtained from 
activated carbon with a small relative surface area, indicating that electrostatic capacitance of the 
electric double-layer capacitor is not necessarily dependent on the relative surface area of the 
electrode material. 

[0062] 

[Effect of the Invention] 

An electric double-layer capacitor with a high electrostatic capacitance density in comparison to 
conventional capacitors can be obtained from the carbonaceous material for an electric double- 
layer capacitor of the present invention 

[Brief Description of the Drawings] 

[Figure 1] Results of measurement of carbonaceous materials by X-ray diffraction. 
[Figure 2] An example of a device for measuring electrostatic capacity/pressure of expansion. 
[Figure 3] Charging and discharging properties and changes in the pressure of expansion that 
were simultaneously measured. 

[Figure 4] Changes in the charging and discharging properties when the electric double-layer 
capacitor of the present invention was charged and discharged under various voltages. 
[Figure 5] Cross section describing an example of the electric double-layer capacitor of the 
present invention. 
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[Figure 6] Oblique view describing another example of the electric double-layer capacitor of the 
present invention. 



[Key] 

1 : device for measuring pressure of expansion 
2: base 

3: pressure sensor 

4: bottom metal block 

5: synthetic resin film 

6: electric double-layer capacitor 

7: top metal block 

8: thrust bearing 

9: attachment screw 

10: lead wire 

1 1 : power source 

12: recorder 

21: capacitor vessel 

22: stacked electric double-layer capacitor 

23: concave base plate 

24: base pushing plate 

25: top pushing plate 

26: pressurization means 

27: inlet 

28: pulley 

29: wire 

30: tension member 
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1 [Translator's note: The text on the axes is illegible.] 
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ftS:5cf0-C£>l>. 

[04 ] *%ty<r)m%-mm^>T>wzn Lxm*v> 
wsx-ymmz'+i'? tz m^nm^m^it z m-rmx- 

[05 ] ^wnm^-mm^y^fy-v^Mzwm- 
&mmmxhh. 

[06 ] *%,m<r)$l.<r>W*ZMm 3 yf>t<?>- HMCT 
^IKBW^»fl«0T'J)«». 

1 : P3SffS9^S. 2 : 3 : ff^-feyif-. 

4 : Tgfc£JR:/D -y^, 5 : £j£SJfli7^A. 6 : « 
^ZH3>f>t. 7 : 1^1/0 7^, 8 :^.7 
Xh^TVyy. 9 :&9ttWat. 10 : 0- F«, 

1 1 : IBS, 1 2 : tEf*f+. 2 1 : 3 ^t^SSL 2 

2 : taziinyfytai*, 2 3 : QOTflUSag. 

2 4 : JggffifflffL 2 5 : ±3W?«L 2 6 : JPJE^J^ 2 
7 :)iAP. 28 2 9 : «7-f-V-. 3 0 : 
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